Dynamic two-photon imaging of cerebral microcirculation using fluorescently labeled red blood cells and plasma.
To explore the spatiotemporal dynamics of red blood cells (RBCs) and plasma flow in three-dimensional (3D) microvascular networks of the cerebral cortex, we performed two-photon microscopic imaging of the cortical microvasculature in genetically engineered rats in which the RBCs endogenously express green fluorescent protein (GFP). Water-soluble quantum dots (Qdots) were injected intravenously into the animals to label the plasma, and concurrent imaging was performed for GFP-RBCs and Qdot plasma. The RBC and plasma distributions were compared between resting state and forepaw stimulation-induced neural activation. The RBC and plasma images showed detectable signals up to a depth of 0.4 and 0.6 mm from the cortical surface, respectively. A thicker plasma layer (2-5 μm) was seen in venous vessels relative to the arterial vessels. In response to neural activation, the RBCs were redistributed among the parenchymal capillary networks. In addition, individual capillaries showed a variable ratio of RBC and plasma distributions before and after activation, indicative of dynamic changes of hematocrit in single capillaries. These results demonstrate that this transgenic animal model may be useful in further investigating the mechanism that controls dynamic RBC flow in single capillaries and among multiple capillary networks of the cerebral microcirculation.